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ABSTRAK 
Teknik-teknik novel dan pembangunan kaedah terbaharu telah membuka peluang untuk 
menghasilkan ekstrak sebatian bioaktif semulajadi yang sangat tinggi di samping 
potensinya untuk merawat dan mencegah pelbagai penyakit. Kajian ini membandingkan 
peratusan dapatan serbuk Centella asiatica yang diperoleh melalui proses pengeringan 
beku yang diekstrak terlebih dahulu secara akueus melalui kaedah ekstrak konvensional 
(rebusan dan rendaman) dan kaedah bukan konvensional seperti pengekstrakan bantuan 
ultrabunyi. Kestabilan fizikal serbuk kemudiannya diuji melalui ujian higroskopi. Ujian 
ini menggunakan teknik analisis serapan gravimetrik dengan sedikit modifikasi. Setiap 
sampel serbuk melalui pra-rawatan pada 45 °C, 10% RH diikuti dengan proses 
ekuilibrasi pada 25 °C, 80% RH dan seterusnya dikategorikan mengikut European 
Pharmacopeia. Pengekstrakan bantuan ultrabunyi menghasilkan dapatan serbuk 
terbanyak (11.65%) diikuti oleh rendaman (10.48%) dan rebusan (10.03%). Setelah 24 
jam dianalisa, ketiga-tiga sampel diklasifikasikan sebagai sangat higroskopi dengan 
peratusan serapan air melebihi 15%. Peratusan serapan air tertinggi adalah melalui 
rebusan (71.31%), diikuti oleh rendaman (71.28%) dan pengekstrakan bantuan 
ultrabunyi (68.71%). 
 
 
 
 
iv 
ABSTRACT 
Novel techniques and the development of new methods has provided an opportunity to 
obtain highly purified natural bioactive compound extracts with potential for the 
treatment and prevention of various diseases. This research compares the percentage 
yield of Centella asiatica obtained through freeze drying that was aqueous-extracted 
earlier by conventional extraction method (decoction and infusion) and an advanced 
non-conventional extraction method; ultrasound-assisted extraction (UAE).The physical 
stability of the powder obtained was then tested by hygroscopicity test. The studies 
were conducted using gravimetric sorption analysis method with slight modification. 
Each of the powder samples was subjected to the pretreatment at 45 °C, 10% RH 
followed by equilibrating at 25 °C, 80% RH and individually categorized as per 
European Pharmacopeia. UAE generated the highest powder yield (11.65%) followed 
by infusion (10.48%) and decoction (10.03%). After 24 hours of hygroscopicity 
analysis, all three samples were found to be very hygroscopic since their respective 
percentage of water sorption was more than 15%. The highest percentage of water 
sorption was by decoction (71.31%), followed by infusion (71.28%) and lastly UAE 
(68.71%).   
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background Study  
 Centella asiatica as shown in Figure 1.1, commonly known as centella, Asiatic 
pennywort or Gotu kola, is a herbaceous, frost-tender perennial plant belonging to the 
family Apiaceae. Easily grow and found in the most tropical and subtropical countries,     
C. asiatica is used for medicinal purposes (Singh and Singh, 2002).  C. asiatica or Gotu 
kola should not be confused with kola nut as it does not contain any caffeine and has not 
been shown to have stimulant properties (Niamnuy et al., 2013). There are several 
important bioactive compounds present in C. asiatica such as triterpene saponins, phenolic 
compounds, vitamins, minerals, free amino acids, and polyacetylenic compounds 
(Niamnuy et al., 2013). All of these compounds are the major ingredients that are 
responsible for C. asiatica therapeutic effects.  
 
Figure 1.1 Centella Asiatica (Source: Sudhakaran, 2017) 
 
2 
In the nineteenth century, C. asiatica and its extracts were incorporated into the 
Indian pharmacopoeia, wherein in addition to wound healing, it was recommended for 
various skin conditions treatment (Gohil, Patel and Gajjar, 2010; Gohil, Patel and Gajjar, 
2012). C. asiatica extracts contain 70% triterpenic acids mainly two triterpene glycosides 
(asiaticoside and madecassoside) and corresponding aglycones (asiatic acid and madecassic 
acid) which exerts normalizing action on metabolism of connective tissues. It also 
enhances tissue integrity by stimulating glycosaminoglycan (GAG) synthesis without 
promoting excessive collagen synthesis or cell growth (Pizzorno, Murray and Joiner-Bey, 
2016; Govarthanan et al., 2015).  However, it is inconvenience for some users to consume 
it as it is. Thus, the C. asiatica plant is extracted before it is powdered and encapsulated to 
enhance its bioavailability, stability and shelf life (Rivas et al., 2017).  
Extraction of botanicals and herbal sample is the crucial first step prior to analysis 
of bioactive compounds present in the preparations (Sasidharan et al., 2011). Various 
solvents can be used to extract the C. asiatica which includes methanol (Govarthanan et al., 
2015), ethanol (Dewi and Maryani, 2015) and distilled water (Cheng et al., 2004). Different 
solvents will give different quantity of yield obtained. Due to unmatched availability in 
chemical diversity, pure compounds or standardized plant extracts provides unlimited 
opportunities for new drug discoveries (Cos et al., 2006). The extraction basic steps are 
pre-washing the sample, drying or freeze drying the plant material, grinding to obtain a 
homogenous sample and enhancing the kinetics of analytic extraction and also increasing 
the contact of sample surface with the solvent system. During the extract preparation, 
proper actions must be taken to assure that there is no loss, distortion or denaturation of 
potential active constituents of the plant samples (Sasidharan et al., 2011). 
 Drying is a common method of preservation, applied by removing the water from 
the plant. Convection drying and freeze drying are the two most popular drying methods. 
Conventional drying such as oven drying is a user-friendly and very low cost method 
compared to freeze drying, which is a lengthy procedure and requires higher cost 
(Vashisth, Singh and Pegg, 2011). Previous research showed that there are major quality 
(nutrient compound and colour) differences of the final product after conventional drying 
compared to freeze dried products (Wojdylo et al., 2014). 
3 
Freeze drying is conducted to remove the solvent in such a way that the sensitive 
molecular structure of the active substance in the plant is least disturbed (Alexeenko, 
Ganguly and Nail, 2009). It is more suitable for products sensitive to temperature or to high 
residual moisture content (Touzet et al., 2018).  
1.2 Problem Statement 
 The raw, unprocessed C. asiatica plant have a shorter shelf life and physically 
unstable. The leaves are easily wilted upon exposure to sunlight and its bioactive 
components degraded due to oxidation which leads to physical changes of the plant.         
C. asiatica fresh plant is very likely susceptible towards microbial growth due to high 
moisture content especially in leaves and stems (Brinkhaus et al., 2000). Besides that, it 
may be inconvenient for patient to consume it raw since some of them may not like to eat 
vegetables or herbs. This study is conducted to overcome this problem by converting the  
C. asiatica into powders. A study shows that C. asiatica lost a high amount of phenolic 
compounds (total phenolic content (TPC) and total flavonoid content (TFC) when extracted 
with ethanol of concentration 80% and above (Chew et al., 2011). In addition, the safety 
consumption of oral drug with active ingredients extracted using alcohol solvents is 
probably the main issue to deal with (Man and Choo, 2018).  In other aspect, conventional 
extraction methods (maceration, decoction, infusion etc.) are the most convenient and 
inexpensive as it does not require any advanced equipment (Easmin et al., 2014). However, 
commercial extraction methods such as microwave-assisted extraction, ultrasound-assisted 
extraction and super critical fluid extraction have been proposed to extract bioactive 
compounds from plants with higher recovery capacity (Caldas et al., 2018). Hence, the 
solvent as well as the extraction methods used must be optimized to obtain the highest 
yield of C. asiatica powder that is physically more stable. 
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